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SURVEY FOR THE PRESENCE OF PHYTOPHTHORA CINNAMOMI ON 
RECLAIMED MINED LANDS IN OHIO CHOSEN FOR RESTORATION 
OF THE AMERICAN CHESTNUT
1 
Shiv Hiremath
2
, Kirsten Lehtoma, and Jenise M. Bauman 
Abstract.  We have been planting blight resistant American chestnut seedlings on 
reclaimed coal mined areas in Southeastern Ohio, which was once within the 
natural range of the American chestnut.  Towards the goal of restoring the 
American chestnut, we are testing suitable sites that can aid survival, growth and 
establishment of planted seedlings pre-inoculated with ectomycorrhizal fungi.  
Prior to the arrival of the chestnut blight fungus, pathogens of the genus 
Phytophthora were introduced in the USA that were responsible for the “ink 
disease” or “root-rot” resulting in wide-spread death of chestnut trees in southern 
states.  Although these pathogens were not observed elsewhere, recent reports 
indicate their presence in some northern states, including Ohio.  We have been 
testing each location targeted for chestnut plantings for the presence of 
Phytophthora, specifically P. cinnamomi.  The work reported here shows results 
obtained from seven different sites in southeastern Ohio where reclamation was 
done 3-20 years ago.  Soil was collected at a depth of 4-5” at several locations 
within each site.  A positive control containing ~4 cfu/10 g soil was used in the 
analysis.  We used two different techniques for identifying the pathogen: 1.  
Direct isolation of the pathogen from the soil using selective media; 2.  Using 
chestnut leaves as a baiting technique followed by selection on plates.  In both 
cases, final identification was done by DNA isolation and sequencing using 
Phytophthora-specific primers.  Our results showed that, at least in the locations 
we tested, P. cinnamomi was not detected.  Because most of these lands were only 
recently reclaimed, it is possible that the pathogen may not have established there 
yet.  However, samples from locations that were reclaimed more than 2 decades 
ago also showed absence of this fungus.  Results suggest that this pathogen is 
either not as wide-spread in Ohio as in southern states or mined sites are not 
favorable for its existence and spread.  
 
Additional Key Words:  root colonization of fungi, chestnut restoration. 
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Introduction 
The American chestnut (Castanea dentata), once a major component of the eastern US 
forests, has been almost eliminated by the invasive fungus Cryphonectria parasitica 
(Anagnostakis, 1982).  The fungus was first introduced to North America in early 1900 
(Anagnostakis, 1987).  Once introduced, it quickly spread into its new and defenseless host 
population which resulted in the American chestnut being reduced to a mere shrub instead of 
being a dominant tree species.  However, extensive research efforts during the last two decades 
have given hope for restoring this important forest tree to its once natural range.  Two main lines 
of research were initiated to achieve this goal, one targeted the fungus and the other the tree 
itself.  The first focused on the “hypovirulence” phenomenon and application of genetic 
engineering technology to cure the blight through hypovirus-mediated transformation of the 
virulent fungus (Nuss, 2005; Root et al., 2005).  Although considerable progress has been made, 
this approach has not proven to be useful in curbing and curing the blight.  However, the second 
approach of breeding a hybrid resistant chestnut tree has shown considerable success.  While the 
American chestnut is susceptible to the blight causing fungus, its counterpart from Asia the 
Chinese chestnut (Castanea mollissima), is resistant to the blight fungus.  In order to restore the 
American chestnut to forests, researchers have been engaged in breeding programs to develop a 
blight-resistant American chestnut (Burnham et al., 1986; for details see www.acf.org).  The 
reason for seeking a resistant American species for restoration instead of using the already 
resistant Chinese species is largely due to differences between the two species with respect to 
stature.  Although the Chinese chestnut is blight-resistant, it lacks the superior timber qualities of 
the American chestnut.  The American chestnut is significantly larger than the Asian species, 
which is more of an orchard type tree.  The ideal progeny, therefore, should have the blight 
resistance coupled with the favorable traits of the American species. In order to achieve this, the 
American Chestnut Foundation (TACF) initiated a backcross-breeding program, which integrates 
Chinese blight resistance with genes related to the American timber form.  Presently, TACF has 
developed a progeny, which by estimation is 15/16 American.  In addition to these efforts, a third 
front has emerged where researchers are utilizing genetic engineering technology to incorporate 
resistant genes into the American chestnut (Maynard et al., 2008; Sisco et al., 2009). 
We have been working on the restoration of American chestnut in Southeastern Ohio, which 
was part of its natural range (Hiremath and Lehtoma, 2007; Bauman et al., 2011a; Bauman et al., 
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2011b).  Some of these lands have been severely affected by extensive mining operations for 
several decades.  However, reclamation and reforestation work has been going on in many 
locations.  Many researchers, including us, have been attempting to introduce the backcrossed 
hybrid chestnuts in these locations.  Because of the harsh soil conditions for tree survival in these 
locations due to mining, we have incorporated utilization of ectomycorrhizal fungi in the 
restoration efforts (Hiremath and Lehtoma, 2007).  Mycorrhizal fungi may play a vital role in 
tree restoration efforts.  These fungi are often essential for the survival of trees by supporting 
growth under a variety of suboptimal soil and other stress conditions (Danielson, 1985).  In 
addition to providing support to the plant with respect to nutrient availability and adaptation to 
extreme pH conditions, the mycorrhizal fungi are also known to provide protection from other 
harmful pathogens.  
Long before the blight fungus came to North America, several pathogens of the genus 
Phytophthora were introduced in late the 1700s or early 1800s (Jeffers et al., 2009) .  Among 
these, P. cinnamomi was responsible for the “ink disease” or “root-rot” in chestnut that resulted 
in widespread death of chestnut trees in southern states.  Its presence in the northeastern states, 
and especially in the Appalachian region, has been noticed on chestnut seedlings recently 
(Rhoades et al., 2003).  It was responsible for significant mortality observed in recent plantings 
of chestnut seedlings in Kentucky and neighboring states (Rhoades et al., 2003 and 2009).  
However, there is very little information about the extent of its spread, especially in reclaimed 
mined lands of Ohio.  Since our plantings will be in these locations, we undertook the following 
study of a survey of this pathogen in locations that were reclaimed recently (2-3years ago) as 
well as in regions that were reclaimed ~20 years ago.  
Methods 
Sites and Soil Collection 
We tested soil from several locations indicated in Table 1.  Most of these sites were within 
the Wayne National Forest, Ohio and in The Wilds of Ohio.  All of these locations were 
abandoned coal mined areas and reclamation in these sites was undertaken between 3-20 years 
prior to collecting samples for testing.  In older reclaimed areas there were both existing 
grassland and unaffected forest stands nearby.  Soil was collected from 2-10 sites (randomly 
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selected) of each location and used for the isolation of the fungus. Soil sample collections were 
done during spring to early fall when conditions are not unfavorable for the pathogen. 
Table 1.  Sites and Phytophthora Assay results. Greendale, OH, Ora Anderson Park site, 
Straitsville and Nelsonville sites are within the Wayne National Forest (WNF).  
Number of sites varied at each location because of available space. 
 
YEAR      LOCATION       SITES METHOD        DETECTION 
 
2008 Greendale, Ohio  8 Direct plating  None 
 Ora Anderson Park site,  
Ironton District, WNF 6 Direct plating  Pythium sp. in one site 
 
2009 The Wilds, near parking lot 4 Direct plating  None 
 The Wilds, Lake Trail  4 Direct plating  None 
 The Wilds, Site 2  4 Direct plating  None 
 Nelsonville, Ohio  5 Direct plating  None 
 
2011  The Wilds, Site 1  7 Leaf baiting  genus-specific band in 1  
         sample not sequenced 
   
 The Wilds, Forest Site C07 2 Leaf baiting  Phytophthora citricola  
         at 1site 
 New Straitsville, OH    10 Leaf baiting  Phytophthora citricola 
          at 2 sites 
 
 
Isolation of the Fungus  
Soil was collected during spring to early fall seasons by digging at a depth of 4-5 in, placed 
in plastic Ziploc
®
 bags, and stored at 22ºC in the dark until used.  We used two techniques for 
isolating the fungus.  One was a variation of the soil dilution plating method described by 
Johnson and Curl (1972) for Phytophthora cinnamomi.  Ten grams of soil (after mixing the 
collected soil thoroughly) were stirred in 100 ml dH2O in a beaker.  Then 20 ml were poured 
onto PAR(PH)-V8 selective medium plates (50 ml/L buffered, clarified V8 juice, 15 g/L Difco 
Bacto agar, 5ppm pimaricin, 250 ppm sodium ampicillin, 10 ppm rifamycin SV sodium salt, 50 
ppm pentachloronitrobenzene, 50 ppm 3-hydroxy-5-methylisoxazole).  A positive control 
containing ~4 cfu/10 g soil was used in the analysis.  Plates were incubated in the dark at 22ºC.  
After 2 days, the soil was rinsed from the plates and incubation was continued for an additional 
2-3 days.  The plates were examined under a dissecting microscope for the presence of P. 
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cinnamomi hyphae and subcultures were made on the same selective medium to obtain a pure 
culture.  The fungus was allowed to grow for 3 weeks and harvested.  
The second method involved a leaf-baiting technique where 250 g of soil from each 
collection site was mixed with 1.25 L deionized water in Pyrex trays and a single young 
American chestnut leaf was floated on the surface of the water.  After 3-5 days, necrotic areas of 
the leaf margins were examined with a dissecting scope for fungal sporangia.  These areas were 
plated onto PAR(PH)-V8 plates as described above to obtain a pure culture (Balci et al., 2007).  
Isolation of Fungal DNA, PCR Analysis and DNA Sequencing  
After initial identification by morphological characteristics, the final identification of the 
fungus was made by sequencing the internal transcribed spacer region of the ribosomal DNA and 
comparing with sequences in the GENBANK using BLAST analysis (Hiremath and Lehtoma, 
2007; Bauman et al., 2011a; Gardes and Brubs, 1993; Bruns et al., 1998; Altshul et al., 1997).  
To do this, the fungal DNA was extracted from the aerial mycelia of the subcultures.  About 10 
mg of tissue was homogenized to disrupt cells in an extraction buffer using a bead beater.  The 
extract was directly processed using the QIAgen Mini Plant Kit to isolate the DNA.  The final 
product was collected in 50 l TE buffer (10 mM Tris-HCl, pH 7.5, containing 1 mM EDTA). 
PCR reactions were set up in 500 l tubes using 1 l template DNA, 1x NovaTaq buffer (50mM 
KCl, 10 mM Tris-HCl, pH 9.0, containing 1.5 mM MgCl2, 0.1% Triton X-100), 20 M each 
dNTP, 0.2 M primer Yph1F, 0.2 M primer Yph2R, and 5 units NovaTaq DNA polymerase in 
100 l reactions.  Reactions were carried out for 40 cycles in Perkin-Elmer thermal cycler under 
the following temperature regime:  1.5 min at 96ºC, 1 min at 55ºC, and 2 min at 72 º C.  
We used two sets of primers as indicated in Table 2.  The Yph1F and Yph2R were specific 
for the genus Phytophthora, while the pair Ycin3F and Ycin4R was specific for the species 
Phytophthora cinnamomi.  
Ten microliters of each PCR reaction were analyzed on a 0.7% agarose gel.  Bands produced 
from the primer pair were isolated from the gel using the Geneclean
®
 (MP Biochemicals) and the 
products were sequenced using the respective forward primer at the Plant-Microbe Genomic 
Facility at the Ohio State University.  Sequences were analyzed using the BLAST.  
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Table 2. Primers used in PCR. Following primers were used for PCR. Identification of the 
fungus was done through DNA sequencing of the product followed by comparison to 
known sequences in the GENBANK. 
—3’ 
Yph1F  5’CGACCATKGGTGTGGACTTT3’ 
Yph2R             5’ACGTTCTCMCAGGCGTATCT3’ 
Ycin3F 5’GTCCTATTCGCCTGTTGGAA3’ 
Ycin4R 5’GGTTTTCTCTACATAACCATCCTATAA3’ 
 
PRIMER PAIR   EXPECTED PRODUCT SIZE                   
 
Yph1F + Yph2R            ~470 bp  Phytophthora genus-specific 
Ycin3F + Ycin4R   243 bp  Phytophthora cinnamomi-specific 
 
Results and Discussion 
Our results showed that P. cinnamomi was not detected in any of the locations we surveyed 
(Table 1 and Fig. 1).  While the positive controls (Pos 1 and Pos 2) produced a fragment of 
expected size [~ 450 bp with genus-specific (left panel) and ~ 300 bp with species-specific 
primers (right panel)], none of the test samples showed bands of that size.  Occasionally, the test 
samples generated PCR products of a different size such as seen in lane OA-2 of the left panel in 
Fig 1.  Such bands on further examination were proved to be artifacts and did not correspond to 
the expected product and/or related to Phytophthora cinnamomi.  In the case of OA-2, the band 
was smaller and its sequence was not related to Phytophthora (see below).  In contrast, the 
positive controls consistently produced the expected size products.  
In addition to gel analyses, we analyzed the products by DNA sequencing.  The products 
seen on the gel, including those from the positive controls and artifacts, were isolated and 
purified using the Geneclean system and their DNA sequence determined.  Comparison to 
known sequences deposited in the GenBank
®
 using the BLAST analysis indicated that the ones 
in the positive controls were indeed related to P. cinnamomi while those from the artifact bands 
were not related to P. cinnamomi.  
We also used the genus-specific primers in these analyses (Schena et al., 2008).  Although 
our main goal was to investigate the presence of the species P. cinnamomi, we also wanted to 
determine whether any other Phytophthora species were present in these soils.  While no other 
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Phytophthora species has been conclusively proven a serious pathogen on the American 
chestnut, the findings would provide an understanding of the spread and establishment of 
Phytophthora in reclaimed mine soils as well as in northern regions.  As shown in Table 1, we 
did find the presence of P. citricola in a couple of sites.  This indicates that at least some of the 
Phytophthora species are present in these reclaimed lands.  However, their presence was not 
common or widespread.  In addition to Phytophthora, we also detected another plant pathogen 
belonging to the genus Pythium at one of the sites.  
Although the destruction caused by the chestnut blight fungus Cryphonectria parasitica on 
the American chestnut was extensive and described in detail, only recently researchers have 
begun taking notice of the potential threat posed by P. cinnamomi on the chestnut tree.  There are 
two different reasons for this.  The Phytophthora spp were introduced in the southern forests and 
caused the widespread damage to forest trees and other plants in southern forests.  Although the 
severe damage caused by different species of Phytophthora was recorded for many years, the 
first systematic study of the pathogenicity of P. cinnamomi was carried out by Crandall et al., 
(1945).  They looked at the pathogenicity of this species on several thousands of North American 
plants and found that the pathogen caused severe damage to nearly 800 plants.  This included 
several forest timber trees, including the American chestnut.  It is not known how many chestnut 
trees existed in southern forests that were affected by the pathogen after its introduction.  
Although there is not clear evidence, it is believed that the natural range of the American 
chestnut once extended all the way to Florida and Mississippi, and that P. cinnamomi was 
responsible for its demise in the southern forests (Fei, 2007).  The second reason the threat of P. 
cinnamomi went unnoticed on chestnut trees could be due to the timing of C. parasitica 
introduction.  Before P. cinnamomi could move north, the blight fungus had already established 
there and was moving fast towards the south.  In any case, P. cinnamomi is a serious pathogen 
for the American chestnut as seen on recent plantings (last 5-6 years) and a great threat for the 
restoration efforts (Rhoades et al., 2007 and 2009).  Once infected, it can cause tree mortality 
much faster than the C. parasitica.  
The PCR products obtained by using genus-specific (Yph1F and Yph2R) and P. cinnamomi-
specific (Ycin3F and Ycin4R) primer pairs were analyzed by gel electrophoresis and visualized 
under UV light.  Both negative (Neg) and positive (Pos 1 and 2) controls were included in the 
analysis.  Figure 1 shows results of some of the test samples (OA-1, 6-1 and 6-2).  The lane 
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marked M shows the DNA molecular weight standards used for estimating the sizes of the 
products. Some of the marker sizes in Kbp (Kilo base pairs) are indicated.  
 
Figure 1.  PCR analysis to identify the fungus. 
The progress in research efforts to produce blight resistant trees has once again turned the 
focus on P. cinnamomi.  Before embarking on restoration plans, one has to make sure that these 
blight resistant trees will not be susceptible to the equally devastating P. cinnamomi.  Recent 
studies have demonstrated the presence of P. cinnamomi in the northern states of West Virginia 
and Kentucky.  However, its spread further north has not happened yet since its presence was 
observed only in the southern tip of Ohio and Pennsylvania (Balci et al., 2007).  It is noteworthy 
that unlike C parasitica, biology of P. cinnamomi makes it harder to establish and spread in cold 
northern regions. C. parasitica is mostly airborne and spreads faster while P. cinnamomi spreads 
slowly and only through soil and water. P. cinnamomi is not cold tolerant and freezing will kill 
hyphae (Erwin et al., 1983).  In areas where the ground freezes down to bedrock, the pathogen 
will be eliminated. This may be a major reason why the pathogen has not migrated and/or is not 
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extensively distributed in northern regions including Ohio.  However, with the global warming 
and species migration due to temperature changes, it is likely that conditions will be favorable in 
the near future for this pathogen to be widespread in these forests.  
It is therefore essential that chestnut restoration efforts should address the blight resistance as 
well as resistance to P. cinnamomi.  Such efforts have been underway and recent results have 
been very encouraging (Jeffers et al., 2009; Jeffers, 2011).  The Chinese chestnut is not only 
resistant to C. parasitica, but also to P. cinnamomi.  Therefore, the hybrid chestnuts being 
readied for restoration are also somewhat resistant to P. cinnamomi.  Researchers are further 
selecting for Phytophthora resistance among these to obtain better progeny.  In addition, through 
genetic engineering Phytophthora resistance is also being incorporated into the chestnut genome 
(Olukulu et al., 2011).    
The fact that we did not find presence of Phytophthora in the location we tested could be due 
to several reasons.  First, as mentioned above, these locations belonged to the northern tip of the 
spread of P. cinnamomi and the pathogen has not had enough time to establish in these locations.  
Secondly, even if the pathogen had migrated, it may have not been able to survive the freezing 
conditions.  In addition, since these were reclaimed lands, a fresh top soil layer would have been 
added and the pathogen may not have had time to relocate to these soils.  This would be true to 
locations that were reclaimed recently.  However, some locations, as in the Wilds, were 
reclaimed almost 20 years ago.  Even in these areas, we did not find this pathogen.  While 
recently reclaimed locations had just grass growing, others had a mix of tree species planted in 
adjoining areas, which seemed healthy.  Furthermore, it is not known how conducive the harsh 
soil conditions, such as available nutrients, pH, and other toxic components, are for survival and 
establishment of the pathogen.  If this pathogen cannot survive in the mined lands, they would 
make highly suitable locations for the American chestnut restoration (Barton et al., 2010).  
However, more studies and continued monitoring are needed to ascertain this, especially by 
sampling during different seasons and by mainly using the baiting technique since it handles 
larger volumes of soil.  
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